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COVERAGE ANTENNA APPARATUS WITH
SELECTABLE HORIZONTAL AND
VERTICAL POLARIZATION ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of U.S. pro-
visional patent application No. 60/694,101 filed Jun. 24,
2005, the disclosure of which 1s incorporated herein by
reference. This application is related to and incorporates by
reference co-pending U.S. application Ser. No. 11/041,145
titled “System and Method for a Minimized Antenna Appa-
ratus with Selectable Elements” filed Jan. 21, 2005; U.S.
application Ser. No. 11/022,080 titled “Circuit Board having
a Peripheral Antenna Apparatus with Selectable Antenna
Elements™ filed Dec. 23, 2004; U.S. application Ser. No.
11/010,076 tatled “System and Method for Omnidirectional
Planar Antenna Apparatus with Selectable Flements™ filed
Dec. 9, 2004; U.S. application Ser. No. 11/180,329 ftitled
“System and Method for Transmission Parameter Control
for an Antenna Apparatus with Selectable FElements™ filed
Jul. 12, 2005; and U.S. application Ser. No. 11/190,288 titled
“Wireless System Having Multiple Antenna and Multiple
Radios™ filed Jul. 26, 2005.

BACKGROUND OF INVENTION

1. Field of the Invention

The present mvention relates generally to wireless com-
munications, and more particularly to an antenna apparatus
with selectable horizontal and vertical polarization elements.

2. Description of the Prior Art

In communications systems, there 1s an ever-increasing
demand for higher data throughput and a corresponding
drive to reduce interference that can disrupt data communi-
cations. For example, 1n an IEEE 802.11 network, an access
point (1.e., base station) commumnicates data with one or more
remote receiving nodes or stations, €.g., a network interface
card of a laptop computer, over a wireless link. The wireless
link may be susceptible to interference from other access
points and stations, other radio transmitting devices, changes
or disturbances 1n the wireless link environment between the
access point and the remote receiving node, and so on. The
interference may be such to degrade the wireless link, for
example by forcing communication at a lower data rate, or
may be suthiciently strong to completely disrupt the wireless
link.

One method for reducing interference in the wireless link
between the access point and the remote receiving node 1s to
provide several ommnidirectional antennas, in a “diversity”
scheme. For example, a common configuration for the
access point comprises a data source coupled via a switching
network to two or more physically separated omnidirec-
tional antennas. The access point may select one of the
omnidirectional antennas by which to maintain the wireless
link. Because of the separation between the omnidirectional
antennas, each antenna experiences a diflerent signal envi-
ronment, and each antenna contributes a difterent interfer-
ence level to the wireless link. The switching network
couples the data source to whichever of the omnidirectional
antennas experiences the least interference in the wireless
link.

However, one problem with using two or more omnidi-
rectional antennas for the access point 1s that typical omni-
directional antennas are vertically polarized. Vertically
polarized radio frequency (RF) energy does not travel as
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2

ciiciently as horizontally polarized RF energy inside a
typical oflice or dwelling space. Typical horizontally polar-
ized RF antennas to date have been expensive to manufac-
ture, or do not provide adequate RF performance to be
commercially successtul.

A further problem 1s that the ommidirectional antenna
typically comprises an upright wand attached to a housing of
the access point. The wand typically comprises a hollow
metallic rod exposed outside of the housing, and may be
subject to breakage or damage. Another problem 1s that each
omnidirectional antenna comprises a separate unit of manu-
facture with respect to the access point, thus requiring extra
manufacturing steps to include the omnidirectional antennas
in the access point. Yet another problem is that the access
point with the typical omnidirectional antennas 1s a rela-
tively large physically, because the omnidirectional antennas
extend from the housing.

A still further problem with the two or more omnidirec-
tional antennas 1s that because the physically separated
antennas may still be relatively close to each other, each of
the several antennas may experience similar levels of inter-
ference and only a relatively small reduction in interference
may be gaimned by switching from one omnidirectional
antenna to another ommnidirectional antenna.

Another method to reduce interference involves beam
steering with an electronically controlled phased array
antenna. However, the phased array antenna can be
extremely expensive to manufacture. Further, the phased
array antenna can require many phase tuning elements that
may drift or otherwise become maladjusted.

SUMMARY OF THE INVENTION

In one aspect, a system comprises a communication
device configured to generate or recerve a radio frequency
(RF) signal, an antenna apparatus configured to radiate or
receive the RF signal, and an antenna element selector. The
antenna apparatus includes a first planar element configured
to radiate or receive the RF signal in a horizontal polariza-
tion and a second planar element configured to radiate or
receive the RF signal 1n a vertical polarization. The antenna
clement selector 1s configured to couple the RF signal to the
first planar element or the second planar element.

In some embodiments, the antenna apparatus 1s config-
ured to radiate or receive the RF signal mn a diagonal
polarization if the first planar element and the second planar
clement are coupled to the RF signal. The antenna apparatus
may be configured to radiate or receive the RF signal 1 a
substantially omnidirectional radiation pattern. The first
planar element may comprise a slot antenna and the second
planar element may comprise a dipole. The antenna element
selector may comprise a PIN diode network configured to
couple the RF signal to the first planar element or the second
planar element.

In one aspect, an antenna apparatus comprises a first
substrate including a first planar element and a second planar
clement. The first planar element 1s configured to radiate or
receive a radio frequency (RF) signal in a horizontal polar-
ization. The second planar element 1s configured to radiate
or recerve the RF signal 1n a vertical polarization.

In some embodiments, the first planar element and the
second planar element comprise a circuit board. The antenna
apparatus may comprise a second substrate including a third
planar element coupled substantially perpendicularly to the
circuit board. The second substrate may be coupled to the
circuit board by solder.
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In one aspect, a method of manufacturing an antenna
apparatus comprises forming a first antenna element and a
second antenna element from a printed circuit board sub-
strate, partitioning the printed circuit board substrate mto a
first portion including the first antenna element and a second
portion mcluding the second antenna element and coupling
the first portion to the second portion to form a non-planar
antenna apparatus. Coupling the first portion to the second
portion may comprise soldering the first portion to the
second portion.

In one aspect, a system comprises a housing, a commu-
nication device, and an antenna apparatus including one or
more slot antennas integral with the housing. One or more
of the slot antennas may comprise loading elements config-
ured to decrease a footprint of the slot antenna. One or more
of the slot antennas may comprise an aperture formed 1n the
housing.

BRIEF DESCRIPTION OF DRAWINGS

The present invention will now be described with refer-
ence to drawings that represent a preferred embodiment of
the mvention. In the drawings, like components have the
same reference numerals. The illustrated embodiment 1s
intended to 1illustrate, but not to limit the invention. The
drawings include the following figures:

FIG. 1 illustrates a system comprising an antenna appa-
ratus with selectable horizontal and vertical polarization
clements, 1n one embodiment in accordance with the present
invention;

FI1G. 2 1llustrates the antenna apparatus of FIG. 1, 1n one
embodiment 1n accordance with the present mvention;

FIG. 3A illustrates PCB components (1n solid lines and
shading, not to scale) for forming the slots, dipoles, and
antenna element selector on the first side of the substrates of
FIG. 2, 1n one embodiment 1n accordance with the present
invention;

FIG. 3B illustrates PCB components (not to scale) for
forming the slots, dipoles, and antenna element selector on
the second side of the substrates of FIG. 2 for the antenna
apparatus of FIG. 1, 1n one embodiment 1n accordance with
the present mnvention;

FI1G. 4 illustrates various dimensions (1n mils) for antenna
clements of the antenna apparatus of FIG. 3, in one embodi-
ment 1n accordance with the present invention;

FIG. 5 illustrates an exploded view to show a method of
manufacture of the antenna apparatus of FIG. 3, in one
embodiment in accordance with the present mnvention; and

FIG. 6 1llustrates an alternative embodiment for the slots
of the antenna apparatus 1n a housing of the system of FIG.

1.

DETAILED DESCRIPTION

A system for a wireless (1.e., radio frequency or RF) link
to a remote recerving node includes a communication device
for generating an RF signal and an antenna apparatus for
transmitting and/or receiving the RF signal. The antenna
apparatus comprises a plurality of modified dipoles (also
referred to herein as simply “dipoles™) and/or a plurality of
modified slot antennas (also referred to herein as simply
“slots™). In a preferred embodiment, the antenna apparatus
includes a number of slots configured to transmit and/or
receive horizontal polarization, and a number of dipoles to
provide vertical polarization. Each dipole and each slot
provides gain (with respect to 1sotropic) and a polarized
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directional radiation pattern. The slots and the dipoles may
be arranged with respect to each other to provide oilset
radiation patterns.

In some embodiments, the dipoles and the slots comprise
individually selectable antenna elements and each antenna
clement may be electrically selected (e.g., switched on or
oil) so that the antenna apparatus may form a configurable
radiation pattern. An antenna element selector 1s mcluded
with or coupled to the antenna apparatus so that one or more
of the individual antenna elements may be selected or active.
If certain or all elements are switched on, the antenna
apparatus forms an omnidirectional radiation pattern, with
both vertically polarized and horizontally polarized (also
referred to heremn as diagonally polarized) radiation. For
example, 11 two or more of the dipoles are switched on, the
antenna apparatus may form a substantially omnidirectional
radiation pattern with vertical polarization. Simailarly, 1T two
or more of the slots are switched on, the antenna apparatus
may form a substantially omnidirectional radiation pattern
with horizontal polarization.

The antenna apparatus 1s easily manufactured from com-
mon planar substrates such as FR4 printed circuit board
(PCB). The PCB may be partitioned into portions including
one or more elements of the antenna apparatus, which
portions may then be arranged and coupled (e.g., by solder-
ing) to form a non-planar antenna apparatus having a
number of antenna elements.

In some embodiments, the slots may be integrated 1nto or
conformally mounted to a housing of the system, to mini-
mize cost and size of the system, and to provide support for
the antenna apparatus.

Advantageously, a controller of the system may select a
particular configuration of antenna elements and a corre-
sponding configurable radiation pattern that minmimizes
interference over the wireless link to the remote receiving
node. If the wireless link experiences interierence, for
example due to other radio transmitting devices, or changes
or disturbances 1n the wireless link between the system and
the remote recerving node, the system may select a different
combination of selected antenna elements to change the
corresponding radiation pattern and mimmize the interfer-
ence. The system may select a configuration of selected
antenna elements corresponding to a maximum gain
between the system and the remote recerving node. Alter-
natively, the system may select a configuration of selected
antenna elements corresponding to less than maximal gain,
but corresponding to reduced interference in the wireless
link.

FIG. 1 1llustrates a system 100 comprising an antenna
apparatus 110 with selectable horizontal and vertical polar-
1zation elements, 1n one embodiment in accordance with the
present mvention. The system 100 may comprise, for
example without limitation, a transmitter and/or a receiver,
such as an 802.11 access point, an 802.11 receiver, a set-top
box, a laptop computer, a television, a PCMCIA card, a
remote control, a Voice Over Internet telephone, and a
remote terminal such as a handheld gaming device.

In some exemplary embodiments, the system 100 com-
prises an access point for communicating to one or more
remote receiving nodes (not shown) over a wireless link, for
example 1 an 802.11 wireless network. Typically, the sys-
tem 100 may receive data from a router connected to the
Internet (not shown), and the system 100 may transmit the
data to one or more of the remote receiving nodes. The
system 100 may also form a part of a wireless local area
network by enabling communications among several remote
receiving nodes. Although the disclosure will focus on a
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specific embodiment for the system 100, aspects of the
invention are applicable to a wide variety of appliances, and
are not itended to be limited to the disclosed embodiment.
For example, although the system 100 may be described as
transmitting to the remote receiving node via the antenna
apparatus, the system 100 may also receive data from the
remote receiving node via the antenna apparatus.

The system 100 includes a communication device 120
(c.g., a transceiver) and an antenna apparatus 110. The
communication device 120 comprises virtually any device
for generating and/or recerving an RF signal. The commu-
nication device 120 may include, for example, a radio
modulator/demodulator for converting data received into the
system 100 (e.g., from the router) mto the RF signal for
transmission to one or more of the remote receiving nodes.
In some embodiments, the communication device 120 com-
prises well-known circuitry for receiving data packets of
video from the router and circuitry for converting the data
packets mto 802.11 compliant RF signals.

As described further herein, the antenna apparatus 110
comprises a plurality of antenna elements including a plu-
rality of dipoles and/or a plurality of slots. The dipoles are
configured to generate vertical polarization, and the slots are
configured to generate horizontal polarization. Each of the
antenna elements provides gain (with respect to 1sotropic).

In embodiments with individually selectable antenna ele-
ments, each antenna element may be electrically selected
(e.g., switched on or off) so that the antenna apparatus 110
may form a configurable radiation pattern. The antenna
apparatus 110 may include an antenna element selecting
device configured to selectively couple one or more of the
antenna elements to the communication device 120. By
selectively coupling one or more of the antenna elements to
the communication device 120, the system 100 may trans-
mit/recerve with horizontal polarization, vertical polariza-
tion, or diagonal polarization. Further, the system 100 may
also transmit/receive with configurable radiation patterns
ranging ifrom highly directional to substantially omnidirec-
tional, depending upon which of the antenna elements are
coupled to the communication device 120.

Mechanisms for selecting one or more of the antenna
clements are described further in particular in co-pending
U.S. application Ser. No. 11/180,329 titled “System and
Method for Transmission Parameter Control for an Antenna
Apparatus with Selectable Elements™ filed Jul. 12, 2003, and
other applications listed herein and incorporated by refer-
ence.

FIG. 2 1llustrates the antenna apparatus 110 of FIG. 1, in
one embodiment in accordance with the present invention.
The antenna apparatus 110 of this embodiment includes a
first substrate 210 (parallel to the plane of FIG. 2), a second
substrate 220 (perpendicular to the plane of FIG. 2), a third
substrate 230 (perpendicular to the plane of FIG. 2), and a
fourth substrate 240 (perpendicular to the plane of FIG. 2).

As described turther with respect to FIG. 3, the first
substrate 210 includes a slot, two dipoles, and an antenna
clement selector (not labeled, for clarity). The second sub-
strate 220 includes a slot antenna perpendicular to and
coupled to a first edge of the first substrate 210. The third
substrate 230 includes a slot perpendicular to and opposite
from the second substrate 220 on the first substrate 210. The
fourth substrate 240 includes two dipoles (one of the dipoles
1s obscured i1n FIG. 2 by the first substrate 210) and 1is
perpendicular to and coupled to the first substrate 210.

As described further herein, the substrates 210-240 may
be partitioned or sectioned from a single PCB. The sub-
strates 210-240 have a first side (depicted as solid lines) and
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a second side (depicted as dashed lines) substantially par-
allel to the first side. The substrates 210-240 comprise a PCB
such as FR4, Rogers 4003, or other dielectric material.

FIG. 3A 1llustrates PCB components (in solid lines and
shading, not to scale) for forming the slots, dipoles, and
antenna element selector on the first side of the substrates
210-240 of FIG. 2, 1n one embodiment 1n accordance with
the present invention. PCB components on the second side
of the substrates 210-240 (described with respect to FIG.
3B) are shown as dashed lines. Dimensions in mils of the
PCB components depicted in FIGS. 3A and 3B (collectively,
FIG. 3) are depicted 1n FIG. 4.

The first side of the substrate 210 includes a portion 305
of a first slot antenna including “fingers” 310 (only a few of
the fingers 310 are circled, for clanty), a portion 320 of a first
dipole, a portion 330 of a second dipole, and the antenna
clement selector (not labeled for clarity). The antenna ele-
ment selector includes a radio frequency feed port 340 for
receiving and/or transmitting an RF signal to the commu-
nication device 110, and a coupling network (not labeled) for
selecting one or more of the antenna elements.

The first side of the substrate 220 includes a portion of a
second slot antenna including fingers. The first side of the
substrate 230 also 1ncludes a portion of a third slot antenna
including fingers.

As depicted, to minimize or reduce the size of the antenna
apparatus 110, each of the slots includes fingers. The fingers
are configured to slow down electrons, changing the reso-
nance of each slot, thereby making each of the slots elec-
trically shorter. At a given operating frequency, providing
the fingers allows the overall dimension of the slot to be
reduced, and reduces the overall size of the antenna appa-
ratus 110.

The first side of the substrate 240 includes a portion 340
of a third dipole and portion 350 of a fourth dipole. One or
more of the dipoles may optionally include passive ele-
ments, such as a director 360 (only one director shown for
clarity). Directors comprises passive elements that constrain
the directional radiation pattern of the modified dipoles, for
example to increase the gain of the dipole. Directors are
described in more detail 1n U.S. application Ser. No. 11/010,
076 titled “System and Method for an Omnidirectional
Planar Antenna Apparatus with Selectable Elements™ filed
Dec. 9, 2004 and other co-pending applications referenced
herein and 1ncorporated by reference.

The radio frequency feed port 340 and the coupling
network of the antenna element selector are configured to
selectively couple the communication device 110 of FIG. 1
to one or more of the antenna elements. It will be apparent
to a person or ordinary skill that many configurations of the
coupling network may be used to couple the radio frequency
teed port 340 to one or more of the antenna elements.

In the embodiment of FIG. 3, the radio frequency feed
port 340 1s configured to receive an RF signal from and/or
transmit an RF signal to the communication device 110, for
example by an RF coaxial cable coupled to the radio
frequency feed port 340. The coupling network 1s configured
with DC blocking capacitors (not shown) and active RF
switches 360 (shown schematically, not all RF switches
labeled for clarity) to couple the radio frequency feed port
340 to one or more of the antenna elements.

The RF switches 360 are depicted as PIN diodes, but may
comprise RF switches such as GaAs FETs or virtually any
RF switching device. The PIN diodes comprise single-pole
single-throw switches to switch each antenna element either
on or off (i.e., couple or decouple each of the antenna
clements to the radio frequency feed port 340). A series of
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control signals may be applied via a control bus 370 (circled
in FIG. 3A) to bias each PIN diode. With the PIN diode
forward biased and conducting a DC current, the PIN diode
switch 1s on, and the corresponding antenna element 1s
selected. With the diode reverse biased, the PIN diode
switch 1s off.

In some embodiments, one or more light emitting diodes
(LEDs) 375 (not all LED are labeled for clarity) are option-
ally included 1n the coupling network as a visual indicator of
which of the antenna elements 1s on or off. A light emitting,
diode may be placed in circuit with the PIN diode so that the
light emitting diode 1s lit when the corresponding antenna
clement 1s selected.

FIG. 3B illustrates PCB components (not to scale) for
forming the slots, dipoles, and antenna element selector on
the second side of the substrates 210-240 of FIG. 2 for the
antenna apparatus 110 of FIG. 1, mn one embodiment 1n
accordance with the present invention. PCB components on
the first side of the substrates 210-240 (described with
respect to FIG. 3A) are not shown for clarity.

On the second side of the substrates 210-240, the antenna
apparatus 110 includes ground components configured to
“complete” the dipoles and the slots on the first side of the
substrates 210-240. For example, the portion of the dipole
320 on the first side of the substrate 210 (FIG. 3A) 1s
completed by the portion 380 on the second side of the
substrate 210 (FIG. 3B). The resultant dipole provides a
vertically polarized directional radiation pattern substan-
tially as the plane of the substrate 210.

Optionally, the second side of the substrates 210-240 may
include passive elements for moditying the radiation pattern
of the antenna elements. Such passive elements are
described 1n detail 1n U.S. application Ser. No. 11/010,076
titled “System and Method for an Ommnidirectional Planar
Antenna Apparatus with Selectable Elements™ filed Dec. 9,
2004 and other co-pending applications referenced herein
and incorporated by reference. For example, the substrate
240 includes a retlector 390 as part of the ground compo-
nent. The retlector 390 i1s configured to broaden the fre-
quency response of the dipoles.

FIG. 4 illustrates various dimensions (in mils) for antenna
clements of the antenna apparatus 110 of FIG. 3, in one
embodiment 1n accordance with the present invention. It will
be appreciated that the dimensions of individual components
of the antenna apparatus 110 depend upon a desired oper-
ating frequency of the antenna apparatus 110. The dimen-
sions of the individual components may be established by
use of RF simulation software, such as IE3D {from Zeland
Software of Fremont, Calif. For example, the antenna appa-
ratus 110 incorporating the components of dimension
according to FIG. 4 1s designed for operation near 2.4 GHz,
based on a substrate PCB of FR4 material, but 1t will be
appreciated by a person of ordinary skill that a different
substrate having diflerent dielectric properties, such as Rog-
ers 4003, may require different dimensions than those shown
in FIG. 4.

FIG. 5 illustrates an exploded view to show a method of
manufacture of the antenna apparatus 110 of FIG. 3, in one
embodiment 1 accordance with the present invention. In
this embodiment, the substrates 210-240 are first formed
from a single PCB. The PCB may comprise a part of a large
panel upon which many copies of the substrates 210-240 are
formed. After being partitioned from the PCB, the substrates
210-240 are oriented and athixed to each other.

An aperture (slit) 520 of the substrate 220 1s approxi-
mately the same width as the thickness of the substrate 210.
The slit 520 1s aligned to and slid over a tab 330 included on
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the substrate 210. The substrate 220 1s athxed to the sub-
strate 210 with electronic solder to the solder pads 540. The
solder pads 540 are oriented on the substrate 210 to elec-
trically and/or mechanically bond the slot antenna of the
substrate 220 to the coupling network and/or the ground
components of the substrate 210.

Alternatively, the substrate 220 may be aflixed to the
substrate 210 with conductive glue (e.g., epoxy) or a com-
bination of glue and solder at the interface between the
substrates 210 and 220. However, aflixing the substrate 220
to the substrate 210 with electronic solder at the solder pads
540 has the advantage of reducing manufacturing steps,
since the electronic solder can provide both a mechanical
bond and an electrical coupling between the slot antenna of

the substrate 220 and the coupling network of the substrate
210.

In similar fashion to that just described, to athx the
substrate 230 to the substrate 210, an aperture (slit) 523 of
the substrate 230 1s aligned to and slid over a tab 5335
included on the substrate 210. The substrate 230 1s athixed to
the substrate 210 with electronic solder to solder pads 545,
conductive glue, or a combination of glue and solder.

To athx the substrate 240 to the substrate 210, a mechani-
cal slit 550 of the substrate 240 1s aligned with and slid over
a corresponding slit 555 of the substrate 210. Solder pads
(not shown) on the substrate 210 and the substrate 240
clectrically and/or mechanically bond the dipoles of the
substrate 240 to the coupling network and/or the ground
components of the substrate 210.

FIG. 6 1llustrates an alternative embodiment for the slots
of the antenna apparatus 110 1n a housing 600 of the system
100 of FIG. 1. The housing 600 incorporates the antenna
apparatus 110 by including a number of slot antennas 610
and 615 (only two slots depicted for clarity) on one or more
taces of the housing 600. The dipoles depicted in FIG. 3 may
be included mternally to the housing 600 (e.g., for a plastic
housing), provided externally to the housing 600 (e.g., for a
metal or other RF-conductive housing), or not included in
the antenna apparatus 110.

The slots 610 and 6135 include fingers for reducing the
overall size of the slots, as described herein. The slots 610
and 615 may be oriented 1n the same or diflerent directions.
In some embodiments, the housing 600 comprises a metallic
or otherwise conductive housing 600 for the system 100, and
one or more of the slots 610 and 615 are integral with, and
formed from, the housing 600. For example, the housing 600
may be formed from metal such as stamped steel, aluminum,
or other RF conducting matenal.

The slots 610 and 6135 may be formed from, and therefore
coplanar with, the housing 600. To prevent damage from
foreign matter entering the openings in the housing 600
formed by the slots, the slots may be covered with non-
conductive material such as plastic. In alternative embodi-
ments, one or more of the slots 610 and 615 may be
separately formed (e.g., of the PCB traces or conductive foil)
and conformally-mounted to the housing 600 of the system
100, for example 1f the housing 600 i1s made of non-
conductive material such as plastic.

Although FIG. 6 depicts two slots 610 and 615, one or
more slots may be formed on one or more sides of the
housing. For example, with a 6-sided housing (top, bottom,
and four sides), four slots may be included 1n the housing,
one slot on each of the vertical sides of the housing other
than the top and bottom. The slots may be oriented 1n the
same or different directions, depending on the desired radia-
tion pattern.
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For the embodiment of FIG. 6 in which the antenna
apparatus 110 incorporates slots on the housing 600, the
antenna element selector (FIG. 3) may comprise a separate
structure (not shown) from the slots 610 and 615. The
antenna clement selector may be mounted on a relatively
small PCB, and the PCB may be electrically coupled to the
slots 610 and 6135, for example by RF coaxial cables.

Other Embodiments

Although not depicted, the system 100 of FIG. 1 may
include multiple parallel communication devices 120
coupled to the antenna apparatus 110, for example in a
multiple mput multiple output (IMIMO) architecture such as

that disclosed in co-pending U.S. application Ser. No.
11/190,288 titled “Wireless System Having Multiple Anten-

nas and Multiple Radios™ filed Jul. 26, 2005. For example,
the horizontally polarized slots of the antenna apparatus 110
may be coupled to a first of the communication devices 120
to provide selectable directional radiation patterns with
horizontal polarization, and the vertically polarized dipoles
may be coupled to the second of the communication devices
120 to provide selectable directional radiation patterns with
vertical polarization. The antenna feed port 340 and asso-
ciated coupling network of FIG. 3A may be modified to
couple the first and second communication devices 120 to
the appropriate antenna elements of the antenna apparatus
110. In this fashion, the system 100 may be configured to
provide a MIMO capable system with a combination of
directional to omnidirectional coverage as well as horizontal
and/or vertical polarization.

In other alternative embodiments, the antenna elements of
the antenna apparatus 110 may be of varying dimension, for
operation at different operating frequencies and/or band-
widths. For example, with two radio frequency feed ports
340 (FIG. 3) and two communications devices 120 (FI1G. 1),
the antenna apparatus 110 may provide operation at two
center Irequencies and/or operating bandwidths.

In some embodiments, to further minimize or reduce the
s1ze of the antenna apparatus 110, the dipoles may optionally
incorporate one or more loading structures as are described
in co-pending U.S. application Ser. No. 11/041,145 titled
“System and Method for a Mimmized Antenna Apparatus
with Selectable Elements™ filed Jan. 21, 2005. The loading
structures are configured to slow down electrons, changing
the resonance of the dipole, thereby making the dipole
clectrically shorter. At a given operating frequency, provid-
ing the loading structures allows the dimension of the dipole
to be reduced.

In some embodiments, to further minimize or reduce the
size of the antenna apparatus 110, the 4-wavelength slots
depicted i FIG. 3, may be “truncated” in half to create
la-wavelength modified slot antennas. The V4-wavelength
slots provide a different radiation pattern than the 2-wave-
length slots.

A further vanation 1s that the antenna apparatus 110
disclosed herein may incorporate the minimized antenna
apparatus disclosed i U.S. application Ser. No. 11/041,145
wholly or 1n part. For example, the slot antennas described
with respect to FIG. 3 may be replaced with the minimized
antenna apparatus of U.S. application Ser. No. 11/041,145.

In alternate embodiments, although the antenna apparatus
110 1s described as having four dipoles and three slots, more
or fewer antenna elements are contemplated. Generally, as
will be apparent to a person or ordinary skill upon review of
the co-pending applications referenced herein, providing
more antenna elements of a particular configuration (more
dipoles, for example), yields a more configurable radiation
pattern formed by the antenna apparatus 110.
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An advantage of the foregoing i1s that in some embodi-
ments the antenna elements of the antenna apparatus 110
may each be selectable and may be switched on or off to
form various combined radiation patterns for the antenna
apparatus 110. Further, the antenna apparatus 110 includes
switching at RF as opposed to switching at baseband.
Switching at RF means that the communication device 120
requires only one RF up/down converter. Switching at RF
also requires a significantly simplified interface between the
communication device 120 and the antenna apparatus 110.
For example, the antenna apparatus 110 provides an imped-
ance match under all configurations of selected antenna
clements, regardless of which antenna elements are selected.

Another advantage 1s that the antenna apparatus 110
comprises a 3-dimensional manufactured structure of rela-
tively low complexity that may be formed from 1mnexpensive
and readily available PCB material.

The mvention has been described herein in terms of
several preferred embodiments. Other embodiments of the
invention, including alternatives, modifications, permuta-
tions and equivalents of the embodiments described herein,
will be apparent to those skilled 1n the art from consideration
of the specification, study of the drawings, and practice of
the invention. The embodiments and preferred features
described above should be considered exemplary, with the
invention being defined by the appended claims, which
therefore include all such alternatives, modifications, per-
mutations and equivalents as fall within the true spirit and
scope of the present invention.

What 1s claimed 1s:
1. A system, comprising;
a communication device configured to generate or receive
a radio frequency (RF) signal;

an antenna apparatus configured to radiate or receive the
RF signal, the antenna apparatus including a first planar
clement configured to radiate or receive the RF signal
in a horizontal polarization and a second planar element
configured to radiate or receive the RF signal in a
vertical polarization; and

an antenna element selector configured to couple the RF

signal to the first planar element or the second planar
element, wherein the antenna element selector com-
prises a PIN diode network configured to couple the RF
signal to the first planar element or the second planar
clement.

2. The system of claim 1, wherein the antenna apparatus
1s Turther configured to radiate or recerve the RF signal 1n a
diagonal polarization 1f the first planar element and the
second planar element are coupled to the RF signal.

3. The system of claim 1, wherein the antenna apparatus
1s Turther configured to radiate or recerve the RF signal 1n a
substantially omnidirectional radiation pattern.

4. The system of claim 1, wherein the antenna apparatus
1s Turther configured to concentrate the radiation pattern of
the first planar element.

5. The system of claim 1, wherein the first planar element
comprises one or more loading elements configured to
decrease a footprint of the first planar element.

6. The system of claim 1, wherein the first planar element
comprises a slot antenna.

7. The system of claim 1, wherein the first planar element
comprises a slot antenna and the second planar element
comprises a dipole.

8. The system of claim 1, wherein the second planar
clement comprises a dipole further comprising one or more
loading structures configured to decrease a footprint of the
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dipole and produce a directional radiation pattern with
polarization substantially in the plane of the second planar
clement.

9. The system of claim 1 wherein the second planar
antenna element comprises a dipole including a reflector, the
reflector configured to broaden the frequency response of the
dipole.

10. An antenna apparatus, comprising;

a first substrate including a first planar element configured

to radiate or receive a radio frequency (RF) signal in a
horizontal polarization;

a second planar element on the first substrate, the second
planar element configured to radiate or receive the RF
signal 1n a vertical polarization; and

an antenna element selector configured to communicate
the RF signal with a communication device the antenna
clement selector further configured to couple the RF
signal to first planar element or the second planar
clement.

11. The antenna apparatus of claim 10, wherein the first

planar element 1s coupled to the second planar element.

12. The antenna apparatus of claim 10, wherein the {first
planar element and the second planar element comprise a
circuit board.

13. The antenna apparatus of claim 10, wherein the first
substrate comprises a circuit board, further comprising a
second substrate including a third planar element coupled
substantially perpendicularly to the circuit board.
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14. The antenna apparatus of claim 13, wherein the
second substrate 1s coupled to the circuit board by solder.

15. A method of manufacturing an antenna apparatus,
comprising;
forming a first antenna element and a second antenna
element from a printed circuit board substrate;

positioning the printed circuit board substrate mto a first
portion including the first antenna element and a second
portion including the second antenna element; and

coupling the first portion to the second portion to form a
non-planar antenna apparatus, wherein coupling the
first portion to the second portion comprises soldering
the first portion to the second portion.

16. A system, comprising:
a housing;
a communication device; and

an antenna apparatus integral with the housing, the
antenna apparatus icluding one or more slot antennas,
wherein one or more of the slot antennas comprises
loading elements configured to decrease a footprint of
the slot antenna.

17. The system of claim 16, wherein one or more of the
slot antennas comprises an aperture formed 1n the housing.
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